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Please state your name and business address. 

Harry H. West, Shawnee Engineers, 1829 Augusta #I0, Houston, Texas 77057. 

What is your profession? 

I am an independent consulting chemical engineer. 

Do you also maintain an academic affiliation? 

Yes. I am an Adjunct Professor of Chemical Engineering at the Process Safety 

Center of the Texas A&M University 

Please summarize your educational background. 

I received a BS from the Bucknell University in 1965; and a PhD from the 

University of Oidahoma in 1969, all in Chemical Engineering. 

Dr. West, do you have a particular area of specialization within chemical 

engineering? 

Yes, my primary specialization is in process safety, with a particular emphasis on 

the analysis of safeguard syst~ns that can avoid or mitigate the consequences of a 

chemical release. 

Do you regularly do research, publish, and speak at profe~ional symposia on 

those subjects? 

Yes. A ]/sling of my publications and symposia pre~mtalions is included in the 

Resume attached to this testimony as ExI£oit A. 
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Are you a registered pmfeasionai engineer7 

Yes. I am a registered professional engineer in the States of Pennsyivan/a and 

Texas. 

Describe your experience in LNG technology. 

In the late 1960s, my first involvement in LNG technology was to develop a 

computer simulation of the LNG liquefaction process for the ChemShare 

Corporation, which allowed design engineers to opfim/ze process cond/t/ous. As 

a member of the professional staffof Umvemity Engineers of Norman Oklahoma, 

I was involved in many aspects of LNG technology. In the early 1970s, I 

paxticipated in the LNG safety research projects sponsored by the AGA and 

others, which involved LNG spills on both land and water. Experiments to 

evaluate the effect/veness of  LNG fire control technologies were also a major 

project. Troubleshooting many early LNG peak shaving facilities led to 

numerous process developments, most notably the running film LNG vaporizer 

(currently used by many LNG poak-shaving facilities) md the patent on fire 

control of LNG tank vents. 

I participated in numerous LNG safety analys/s studies for proposed LNG 

importation terminals throughout the USA during the 1970a, including the 

succeuful projects at Cove Point, Elba Island and the Tnmkline lenninal in Lake 

Charles. For LNG liquefaction projects in the Middle East and Far East, I 

participated in safety malysis studies and detail design of the fire control 

safegna~ systems. 
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One significant aspect of LNG safety analysis studies was the production of a 

documen 4 which detailed the compliance of the proposed detail facility design to 

each paragraph of the NFPA 59A standard. The last such document I produced 

was in 2000 for the Dhabol India LNG importation terminal. 

What is your current focus in LNG technology?. 

I am currently updating my LNG safety text, originally prepared in the late 1970s 

with my partner, the late Dr. Lester Edward Brown. It is anticipated that this text 

will be used for a one semester academic course at the Texas A&M, Doha, Qatar 

campus. Notes fi'om this text have been used in continuing education courses on 

LNG/LPG safety presented in the Far East for many years. 

I am also involved in directing Texas A&M graduate students and visiting 

professors in severe] LNG research projects, specifically various Computational 

Fluid Dynamic models, design of fire control experiments, and development of 

updated LNG mllover mathematical models. 

Have you ever served as a consultant either to gnvernment standard setting 

agencies or to govez~ment officiah working in areas bearing on LNG safety?. 

Yes. In the mid 1970'S, University Engineers had a project to advise the US Coast 

Guard on the development of LNG regulations. As a senior consultant on this 

project, I visited LNG terminals in Algeria at the behest of the US Coast Guard, 

and subsequently co-authored the report to the Coast Guard containing 

recommended practices regarding LNG ship to shore transfer and dock fire 

fighting options. 
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Also in the mid 1970s, I was a member of the University Engineers technical 

team that provided LNG consulting services to the Federal Power Comm/salon. 

For whom are you appearing in this proceeding? 

I am appearing on behalf of a coalition of Cities in both Massachusetts and Rhode 

Island, each of which would be impacted directly by either the KcySpan or the 

Weaver's Cove proposals. 

When d/d your work for the Cities fast commence? 

I was first contacted by Garry Bliss on behalf of the Mayor of Providence, RL in 

late 2004. 

Dr. West, when you were first contacted by representatives of the Mayor of 

Providence, were you told that your help was wanted in fighting the certification 

of the LNG proposals? 

No, I was asked to assist the various city staff, most notably the Providence Fire 

Department, in evaluating the safety aspects of the Keyspan proposal. 

Dr. West, please summarize the conclusions that you reached following your 

cvatuation. 

Wh/le working w/th the Providence Fire Department, I became acutely aware of 

the deficiencies in the FERC safety analysis. During my review of the Keyapan 

dra~ environmental impact statements (DEIS), I had numerous technical 

discussions with Dr. Jerry Havens. My analysis of the LNG safety aspects of the 

Keyapen DEIS concuned with Dr Havens review. My testimony herein will focus 
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on several issues that complement and perhaps expand some of  the concepts 

detailed by Dr. Havens. 

Was your work subsequently expanded to include the Weaver's Cove proposal? 

It was. The analysis that follows, and the judgments I offer, apply equally to the 

Weaver's Cove and KeySpan proposals. 

You mentioned your concurrence with the views being offered by Dr. Havem in 

this proceeding. Please explain what you mean by that concurrence. 

As Dr. Havens was in the process of  preparing his testimony, he wanted to test his 

analysis and judgments in a "peer" review fashion. He asked that I undertake a 

critical review of  his work. I did, and following that review I told Dr. Havens that 

I was in total agee~en!  with the views aud judgments expressed in the tes t~ony 

that he is sponsoring. 

Dr. West, will you explain the concerns that you have regarding the failure of  the 

FERC LNG safety analysis? 

The issues which I will present herein are: 

• Inadequacy of  the themutl hazard exclusion zone analysis 

• Lack of  consideration of  modem concepts of  Process Safety 

• Inadequate consequence modeling 

• Potential use of  high expansion foams syate~as to reduce the thermal 

hazard exclusion zone estimates for LNG terminal impoundment areas. 

How are the criteria for thermal radiation hazard exclusion zones inadequate? 
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Quantification of the LNG pool fire hazard exclusion zone involves calculating 

the distance from the fire at which thermal radiation levels are hazardous to 

people and equipment. NFPA59A and the DOT 49CFR193 use the same basic 

concept to define the thermal hazard exclusion zone (minimum separation 

distance) from LNG impoundment areas to the nearest edge of the LNG facility's 

property line or the nearest point of assembly where the thermal flux is 1,600 

BTUs/Hr-Ft 2 (5 kW/m 2 ). 

This level of thermal hazard is far too high to provide for the congressional intent 

in the Pipeline Safety Act of 1979 (codified as 49 CFR part 193), which was 

"protection ofpentons and property near an LNG facility from thermal radiation 

caused by ignition of a major spill of LNG" 

What is the impact on people from a thermal radiation level of 1,600 BTUs/hr-~. 

(5 kW/m5 

A 2004 report prepared by ABSG Consulting Inc. for the FERC provides a 

literature review documeaafing the effects of rhea'real radiation on bolb people and 

structures. An excerpt fTom ABSG report table 2.6 is reproduced below to 

emphasize the impact of exposure time on injury level to people at the thermal 

flux of 1600 Btu/lr-fl 2 (5 kW/m2). 



Jnofflclal FERC-Generated PDF of 20050610-0062 Received by FERC OSEC 06/09/2005 in Docket#: CP04-36-000 

Exhibit 

Docket Nos. CP04-36 et al. 
Page 7 o f  18 

l 1 
Effects on People for 1,600 BTU/hr/ft (5 kW/m ) Thermal Radiation 

Effect 
Sev=e pam 

Expmare 
1"i 
m e  

¢o 

ad 
,) 

13 

First-degree 2O 
bums 

Second-degree 30 
burns 

"rWd.deg  
bums 
(1% 

72% probability 
of first- 
degree 
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40 
50 

40 

D a t a  S o - r o e  

Burn injury criteria from the 
Federal Emergency 
Management Agency 
~'EMA~ 1990) 

5 kW/m for 20 seconds c ~  
to a thermal dose of I00 

2 
kJ/m 
2 

5 kW/m for 30 seconds corresponds 
to a thermal dose of 150 kJ/ 

2 
m 

FEMA, 1990 
50 seconds corresponds to a themml 

2 
dose of 250 kJ/m 

TNO (1992) probit cquati~m 

2 
2 2 

3 From the above table, it is obvious that the level of  1,600 BTU/hr/fl (5 kW/m ) is only 

4 protective provided that the potentially exposed population will have both 

5 opportunity and capability to quickly take cover. It may also be protective to 

6 workers or emergency personnel who are wearing protective clothing 

7 This high thermal radiation level does not take into account sensitive populations, 

8 such as the elderly, handicapped or children. It also does not account for 

9 problems that startled people may encounter in the rush to escape to a protected 
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area. Further, it does not appear to take into account the extended duration that 

the thermal flux from an LNG fire is likely to last. 

Could you describe the protective clothing that could serve to protect workers or 

emergency personnel? 

The protective equipment typically used by Fire Service personnel during rescue 

operations from burning buildings includes heat reflective and insuiative clothing. 

Could residents in the immediate vicinity of  an LNG terminal be issued similar 

clothing? 

This is not a practicable solution to the problem of  inadequate protection for a 

number of reasons. Workers and emergency personnel can be lxmned to don the 

protective clothing quickly, and correctly. Given the large number of  residents 

living in proximity to the proposed Weaver's Cove site, the difficulties of 

providing adequate training would be enormous. Further, children, the elderly, 

and the disabled simply cannot respond as quickly and as completely as can 

workers and e~nergency personnel. Further, children grow;, ensuring properly 

fitting protective clothing would be an administrative task of enormous 

complexity and ce~tin of  failure. 

Are there any regulations, standards or recommended practices that provide for 

exclusion zones or minimum separation distances with lower thermal radiation 

limits that better provide protection for the public. 

Yes. There are several well known standards that recommend lower thermal 

radiation levels for the protection of people. 
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1 US Departmeq~ 9f Honstn2 and Urban Develonme~t 

2 The Depamnent of Housing and Urban Development (HUD) has established 

3 thermal radiation flux levels of 31.5 kW/m 2 (10,000 Btu/hr-ft 2) for buildings and 

4 1.4 kW/m 2 (450 Btu/hr-fl 2) for people as guides in determining an "Acceptable 

5 Separation Distance" (ASD) between a fire consuming combustible liquids or 

6 gases and nearby structures and people. These HUD rules are codified in 24 CFR 

7 Part 5 l, Subpart C (paragraph 51.203) Safety standards. The following discussion 

8 from the preamble to the final HUD rule, 49 Fed.Reg. 5100 (February 10, 1984), 

9 helps to put the seriousness of this issue into context: 

10 People in outdoor areas exposed to a thermal radiation level of approximately 

11 1,500 BTU/fl 2- hr will suffer intolerable pain after 15 seconds. Longer exposure 

12 causes blistering, permanent skin damage, and even death. Since it is assumed 

13 that children end the elderly could not take refuge behind walls or run away from 

14 the thermal effect of the fire within the 15 seconds before skin blistering occurs, 

i 5 unprotected (outdoor) areas, such a playgrounds, parks, yards, school grounds, 

16 etc., must be placed at such a distance fzom potential fire locations so that the 

17 radiation flux level is well below 1500 BTU/fl 2- hr. An acceptable flux level, 

18 particularly for elderly people and children, is 450 BTU/f{ 2- hr. The skirt can be 

19 exposed to this degree of thermal radiation for a prolonged period of time with no 

20 serious detrimental effect. The effects at this exposure would be the same as a bad 

21 sunburn. Therefore, the standard for areas in which there will be people in 

22 exposed settings (e.g., outdoor recreation areas such as playgrounds and parks) 
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1 will not exceed 450 BTU/hr. sq. ft. Areas covered also include open space 

2 ancillary to residential structures, such as yard areas and vehicle parking areas. 

3 An excerpt from this HUD standard is contained in Exhibit B herein. Note that 

4 the HUD rules specifically mention LNG as one ofthe hazardous materials that is 

5 subject to the acceptable separation distance rule. 

6 ~;FPE Handbook of Fire Protection EnetneerinE 

7 The Society of  Fire Protection Engineers Handbook of  Fire Protection 

8 Engineering 2nd Edition recommends a level of 800 Btu/hr-fl 2 (2.5 kW/m 2) as a 

9 pubhc tolerance limit for exposure to radiant heat (see page 2- l 14). 

10 E$~rommn LNG Reaulatf~n~ 

I 1 The European LNG rule, EN 1473:1997, defines the maximum allowable incident 

2 
12 thermal radiation flux at the LNG property boundary as 5 kW/m for urban areas. 

13 However, the European code defines a lower allowable thermal radiation level as 

2 
14 1.5 kW/m for "critical areas". Examples of  critical areas noted in EN 1473 are 

15 areas which are difficult to evacuate on shon notice. Therefore, the European 

16 LNG rules require review oftbe areas that may be impacted by amajor LNG fire 

17 To emphasize the difference between US and European LNG codes, consider the 

18 example of  a stadium adjacent to the LNG facility. The NFPA thermal hazard 

19 exclusion zone, defined as "1600 Btu/hr/fl 2 (5000 W/m 2) at the nearest point 

20 located outside the owner's property line t h ~  at the time of  plant siting, is used 

21 for outdoor assembly by groups of  50 or more persons for a fire over an 

22 impounding area." The EN 1473 regulation specifically defines a stadium as a 
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1 critical area, and therefore the European standard would be 480 Btu/hr/fl 2 (1.5 

2 kW/m 2) while the U.S. stanclard for this same area would be 1600 Btu/hr/fl 2 (5 

3 kW/m2). Thus, the US thermal exclusion zone rules are considerably less than 

4 their European counterpart. 

5 

6 In the 1988 World Bank manual, "Techniques for Assessing Industrial Hazards", 

7 the level o f  incident thermal radiation flux which causes no discomfort is listed as 

2 
8 1.6 kW/m.  While this value is not a specific limit for site planning, it means that 

9 the site evaluation should review the adjacent areas out to this limit to see if  

10 special populations or critical facilities are impacted. 

11 Thermal Radiation Reeemmeadatlen. in API 521 

12 The American Petroleum Institute recommended practice 521 suggests 

13 permissible exposure to the thermal radiation from flares listed in the table below. 

14 

15 
16 

Permissible Thermal Radiation Expmure for Flares from API 521 (1997) 

Thermal Hazard 

BTU/hr- kW/m z 
f 
t 
2 

500 1.6 

1,500 4.7 

AdJacelt area ¢ondderatiom for 
determbmtlon of the acceptable separation 

distance 

at any location where personnel are continuously 
expoeed 

areas where enzrgon~ aGtiom lasting several 
minutes may be required by permnnel 
witho~ shielding but with appropriate 
¢lothi~ 

It is inconceivable that the permissible exposure to the public outside the facility property 

17 line abould be any leas than the permissible exposure to personnel inside the plant. 
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Would you extend the consideration of  a lower thermal radiation hazard limit to 

the LNG tanker mute. 

Yes. Two recent government sponsored reports provided estimates of  the distance 

2 2 
to the 5 kW/m (1600 BTU/hr-t~ ) thermal flux level following an LNG release 

from an LNG tanker. The FERC revision of  the ABSG report (table 4) estimates 

2 
the distance to the 5 kW/m thermal flux level as 5008 ft. Using the common 

point source approximation that incident thermal flux is proportional to the 

inverse square root of the target distance tyanslates into about 1100 fi or almost 2 

2 
miles to the 1.5 kW/m flux level. 

The December 2004 Sandia report, titled "Guidance on Risk Analysis and Safety 

Implications of a Large Liquefied Natural Gas (LNG) Spill Over Water," 

2 

estimates the distance to the 5 kW/m thermal flux level as about 2000 meters 

(6560 fl) following an LNG release from an LNG tanker. Since Sandia used a 

zero wind speed in thvir analysis, the estimated thermal hazard impact distance 

using the DOT requirement of  the .largest local wind speed over 5% of the time 

would be e x ~  to be an even grqmter distance. Nwertheless, again using the 

common point source approximation that incident thermal flux is proportional to 

2 
the inverse square root of  the target d L ~ c e  to the 1.5 kWhn thcxmal flux level 

mmslat~ into over 21000 fi or almost 4 miles. 

What are your specific recommendations regarding thermal exclusion zones? 
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The clear intent of  Confes s  to protect people from a major LNG release requires 

the consideration of  a lower thermal hazard criteria (such as the 1.5 kWhn2 value 

2 

used bythe Europeans or the 1.4 kW/m value used by HUD) for areas adjacent to 

the facility and along the LNG tanker route which are inhabited by sensitive 

populations or critical facilities. 

Therefore, FERC should consider the areas that may be subjected to the 1.5 

2 , • * , * * 

kWhn thermal radiation flux level following a major LNG sptll, either f ~ m  an 

LNG terminal or an LNG tanker. 

Can you illustrate the errors that FERC and some of  the LNG industry use to 

justify refusing to consider the lower public thermal hazard zone. 

Yes. Recently the NFPA 59A committee rejected a proposal by the member 

representing the views o f  the fire service to reduce the target thermal radiation 

flux values to be in agreement with modern fire service ideas[ ]. 

The reasons that the N'FPA 59A committee advances in defense of  rids decision 

are preposterous. The following quotes axe taken from the NFPA 59A white paper 

(59A-05-ROC) defending the decision to reject the thermal flux reduction 

proposal. 

"such a level and duration are acceptable since a second degree burn is 

reversible i f  attended to promptly '" 

"... in a 30 second exposure a person can safely run away to a distance o f  lO0 m 

at which distance the radiant intensity will be far  less and thus avoid suffering a 

second degree burn" 
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Modem safety analysis would not define burn injuries as acceptable. The argument that 

Q. 

the public can run away fast enough to avoid injury is equally ridiculous as it does 

not consider the elderly, children, or the handicapped. 

To illustrate how preposterous the above NFPA 59A white paper statements are, 

consider that the same white paper noted that "NFPA 59,4 Standard su'pulates 5 

kW/m 2 (1,600 Btu/hr f l  2) as a safe level o f  exposure at a property line that can be 

built upon next to a LNG storage facility" 

2 2 
Clearly the 5 kW/m (1600 BTU/hr-fl ) thermal flux level can not be considered a 

"safe level o f  exposure". 

The NFPA 59A white paper further slates, "'... most regulations, worldwide, 

stipulate a level o f  5 kW/mZas the acceptable level (for the pm'po~es o f  facility 

design and location) for  public exposure to thermal radiation hazards from a 

liquid hydrocarbon poolfire". The information on the HUD regulations, 

European LNG rules and the World Bank recommendations presented previously 

herein show that this statement is e~roneous. 

Although NFPA 59A continues to reject modem safety concepts, the FERC must 

employ the most current safety ideas in order to fulfill their duty to protect the 

public. 

Does FERC apply the widely accepted principles of  Process Safety in it 's 

deliberations and requirements? 
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No. The world wide procem industry has embraced the process saf~y 

management concepts, such as thc principles documented by the American 

Institute of Chcmical Engine's. OSHA's Process Saf~ Management rcgula~ons 

in 29CFR 1910.I 19 are a prime ~xample of this concept. However, OSHA does 

not have authority over LNG facilities, only b~cau~ of tl~ federal government 

maudate that OSHA rcgulat/on is pmclud~ if another federal agency has safcty 

regulations in place. Unfortunately this deference leaves ouulated uf~/ 

regulations, such as the DOT I.,NG m~f~y rcgulations in 49CFR193, in full for~. 

Other fexle~al agencies with authority over scgmcnts of the process indus., such 

as the US Mineral Management Services rules over the offshore petroleum 

industry, have embraced process safety management concepts. 

EPA, in 40 CFR68, cxpanded the process safety regulations to include impacts of 

hazardous chemicals outside the facility fence line. 

How would consideration of process safety management to proposed LNG 

facilities help accomplish the goal of public safety? 

A safety management system that included formal hazard analysis would permit 

continuing technical review of the level of safety within the LNG facility. 

A recent technical paper by ABSG ( a FERC contractor) dctail¢~i the need for 

LNG facilities to be subjected to the safety managcmemt systcm concepts inherent 

in ~ safety, A copy of this papcx is contained in the Ey, hibit C.  

FERC contracted with IoMosaic Corporation in September 2004 to evaluate the 

cryogenic design review process and inspection program by which the FERC staff 
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reviews proposed projects and ensures the continued operational reliability and 

safety of each jurisdictional LNG import terminal and peak shaving facility. See 

FERC solicitation number FERC04C40490. Th, scope of this project included: 

An evaluation of the engineering and design information required o f an  applicant 

to file in its application under Title18, Code of Federal Regulations Part 380.12 

in Resource Report 13; and the subsequent review criteria used by the staff to 

determine reliable and safe operations, and the adequacy of company operating 

and maintenance practices; 

A review of the sta.~s application of the design spill criteria used to establish 

thermal radiation and flammable vapor exclusion zones at LNG facil'u'ie~ 

An assessment of whether there are addt~nal safety features or plant 

components that should be examined during inspections and/or application 

reviews; 

An aasessment of international construction, operation, and maintenance 

standards a~ld/or r ~ o n $ ,  e.g., in Japan or Europe, that offer better 

protection and/or opera~g and maintenance mcasure~/standards. 

An evaluation of the Cryog~tc Destgn and lnspectlon Manual prepared during 

the deMgn review of proposed facilities and subsequently used to evaluate facility 

operation: including whether there are additional facas of plant operations. 

maintenance procedures, or procedures that should be examined. 

Evcm though the contract deliverable roport was submittal in latc January 2005, 

FERC has never released the rcporL As a fi'cquent contributor to the process 
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safety literature, it has been expected that IoMosaic would include process safety 

management recommendations in their report to FERC. The importance o f  this 

report is that it covers some of the concerns that have been raised herein. 

Why do you believe that FERC safety analysis uses inappropriate consequence 

models? 

Dr. Havens has detailed the FERC's incorrect use o f  the plug flow vapor hold-up 

model for the evaluation of vapor dispersion exclusion zone evaluations. For the 

case of  vapor dispersion exclusion zone evaluations for the process areas 

impoundment areas, FERC has opted to use the old NFPA definition rather than 

the previous DOT 193 "§Sec. 193.2059 requirements. The result is that the 

"design LNG spill" in the FERC analysis is significantly less than the equivalent 

"design LNG april" which would result from the previous DOT 193 "§Sec. 

193.2059 reqtfirements, with the ultimate effect that the FERC vapor dispersion 

exclusion zone estimates are too small. The appendix to Dr Zinn's paper 

presented at the recent LNG safety sessions o f  the American Institute o f  Chemical 

Engineers conference details this FERC error. A copy of  the Zinn detail 

discussion is Exhibit D. 

Dr. West, if  the Commismun were to accept your concen~ and challenges, would 

it not have to reach the conclusion that it is not possible to certificate any LNG 

project? 

Absolutely not. However, in the poat 9/11 world it is prudent to insure the public 

against severe consequence events. This translates into locating LNG facilities at 
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a sufficient distance from ~ e  adjacent public to insure thai catastrophic evenls 

~11 not compromise their safety. 
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FEDERAL ENERGY REGULATORY COMMISSION 

Weave~ s Cove Energy, L.L.C. and ) 
) 

Mill l~ver ~ f f i ,  LL. C. ) 
) 

Docket Nos. CP04-36-000, CP04-41.000. 

CP04-42-000, and CP04-43-000 

DECLARATION OF WITNESS 

l, tlarry West, decbm: under penalty of peduty that the mtem~t~ eoemiaed in 

the 1 ~  Direct Teblimtmy of 14at~ West on behalf of the City of Fall Riv~ and the 

Attorney General of the Commonwealth of Mumchmet~ in thix proceed~ ate true and 

correct to the best of my knowledge, infmmafion, end belief- 

Executed on this 3'd day of  Jun~ 2005. 
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Ilam I.Ilam 
Consulting Chemical Engineer 

E x h i b i t  _ _  

Summary Resume paSe 1 

S U M M A R Y  O F  EXPERIENCE 
Over thirty years experience in consulting and technical project management for the oil, 8as, water, chemical, 
and pipetine indus~es, with pa~cular emphasis on process safety automation technologies. 

EDUCATION 
Buclmcll Univ~mity, B.S. Chemical Engineering 
Oklahoma University, Ph.D. Chemical Engineering 

gXPERIENCE 
1986 - present CONSULTING CHEMICAL ENGINEER 
EnsineeTin 8 c~nsulumcy vAth emphasis on the evaluation of developing safety and envimnm~tal technologies 
for venture capital cor~dera~ons, application of Process Safety Manasement systems ft~ pipeline, oil & gas 
facilities and fore, sic mvestisation of catastrophic chemical accidents. 

ADFONCT PROFESSOR OF CHEMICAL ENGINEERING, TEXAS A&M 
Din:cting graduate research and conducting Process Safety short mumes throush the Continuin8 EdLtcafion 
C.enter, within various Companies, and at AIChE meetinss. 

1980 - 1986 ENGINEERING DESIGN GROUP 
President of engineerin 8 subs~diarie~ Corporate Director, and Principal Engineer 
Dr. West w u  the technical leader of  the manage=~xt team wh/ch trmmformod EDG from a small mginetwing 
consultant to an international SCADA/DCS contngtin 8 firm with billings in excess of $15MM per annum. 
Pricx to the change to o~tntcfins, Dr. West was respons/blc for the full service engineerin8 offu:e in Honstort , 
conducting ixojects in the peffolmm. LNG/LPG, chemical, water, and pipeline indusa-ies. Additionally, Dr. 
West was responsib]e for establishin8 a Middle Faro operafin8 subsidim3,. 

1977 - 1980 ENERGY ANALYSTS (renamed QUEST ConsulUmts) 
Co-founder, Principal Engineer, Board Chairman 
EA was formed to provide cona~fin 8 aexvices for process safety automati(m and envh'mmgnlal monitorin 8 
systems. Dr. West directed the development of one of the first computer-based ¢~vimnraental monitoring 
stafic~t. Proeeu safety training services for petroelgmical and gas facilities w u  also a significant part of the 
business. ~ m m c e  analysis aad pmeeM hazards reviews were ¢~nducted for a wide variety of clients, 
including federally sponsored projects. 

1970 - 4977 UNIVERSITY EHGIHEERS 

Dr. West provided engineering consaltin8 services to the ~ ¢ s l  md LNG/LI~ indus. .  ~ a ~ 
of the I.,NG/IJ~ Stoup, Dr. West was involved in over 30 peek-shaving or l~seloed LNG plents worldwide, 
hinging from conceptual design to regulator, eppmval to opemtinnsl Ueublmhooti~ assignments. He was 
reapon~%le for developing the runnins-h'Im wporizer from concept throush ASME code m-tification to 
cona-nei~'hdizatkm. Dr. West was the leader of a group that conducted enemy end proceu Mfely audits for the 
process i ndus . .  Analysis of new processes for vmture capital orsanizafions was elm ttnml 8 Dr. West's 
coasu]tin8 assignn~t~ 
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Ir . l l lm IL I lwt  
Consulang Chemleal Engineer 

E x h i b i t  _ _  

Sunamry Resume page 2 

UNIVERSrI~ OF OKLAHOMA - Flame Dynamic, Laboratory 
Under a concummt appomtmem as adjunct Professor of Chemical Enginee~ng. Dr. West was involved in 
graduate research supervision. Dr. West taught graduate courses in chemical process control. 

1969 - 1 9 7 0  CHEMSHARE CORPORATION 
Member of Fotmding Staff 
Dr. West waa a member of the team resptmmble for development of the chemical process computer sinmlati~m 
progrmn, DESIGN, one of the most widely used software products of it~ class, demonstrated by continuing 
popularity today. Continu~ lmrt-time associat/on, continuing today. 

1968 - 1 9 6 9  UNIVERSITY OF P1TrSBURGH 
Assistmt Professor of Chemical Engineering 
I,  addition to research and teaching chemical process conU~ol theory, Dr. West was ¢o~¢mmfly involved as 8 
consultant to Westinghouse Power Systems, 

1965 - 1968 UNIVERSITY OF OKLAHOMA RESEARCH INSTITUTE 
Graduate Assistant 
Dr. West ptrticilmed in several research projects involving control systems, including a thesis on optimal 
fcedforward-fee~ae, k contlo]. 

1964 - 1965 M O B I L  OIL 
E n ~  

As i summ~ mttrn, Dr. West was revolved in simulation ~ d i m  of procure equipment at the Ptullmro 
refinery. 

LICENSES & SOCIETIF~ 
Registered Professional Enginccr, Pmmsyivania 
Registcttd Professional Engineer, Texas 
Certified Safety Profetsional (retired) 
Anmnctm Institute of Chemical Engineers 
System Safety Society 
National Acsdmny ofFottmic F.,ngine~rs 
Infaun~t  Society of Anmica 
Oklahoma Energy Advisory Cotmcil 
Texas A&M Process Safe'o/Retem~h Center 

P U B L I C A T I O N S  
Over eighty technical Impers in chemical process conm~l, computer simulation, SCADA/DCS, LNG 
technology, process safety analysis, etmrgy efficiency and reliability. 

PATgN'I~ 
One patent on LNG ttmk fire ccmtml system 
One patent on Running film LNG vaporizer 
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Dr. Harry H. West, P.E. 
Summary of LNG/LPG Project Experience 

Dr. West began his engineering career with providing process contro~ design, 
process hazards analysis, dsk assessments, safety systems design reviews, and 
site safety audits for liquefied natural gas (LNG) and liquefied petroleum gas 
(LPG) facilities. Dudng the past thirty-five years, he has provided process safety 
engineering services for peak-shaving & baeaload production facilities, receiving 
terminals, storage, and transportation systems. 

He has participated in many LNG/LPG project teams over the past decades, both 
domestically and internationally. Dr. West has participated in various phases of 
the LNG/LPG industry, including projects outlined below;, 

• Project Feasibility studies 
Process Simulation using ChemShare Design II 

• Developed the Running-Film Cryogenic Vaporizer from concept to 
commercialization at Philadelphia Gas Works (500 MMSCFD) 

• LNG Research projects 
Tank RolloverNaporizer Stabilization 
Fire Protection system design data 
Fiberglas Cryogenic Tank Certification 
Tanker Safety Protective Automation Systems 

• Process Safety projects 
Process Hazards Analysis / QRA 
ESD and Fire Protection Systems 
Production Barge/Ice-Breaker Tanker 

• I nvesOgatlon of LNG/LPG release incidents 

• Project Safety Evaluation for Government Permit. 

• LNG/LPG process safety engineering short courses on both an open 
• enrollment basis and for individual corporations. 

• Pioneer in applying the developing concepts of quardtteUve risk assessment 
(QRA) during the early 1970's to LNG/LPG regulatory requirements. 

• Assisted in U. S. Coast Guard project to define LNG/LPG madne regulatory 
framework. 

Z, NGII.PG Process ~j'aty ~ Dr. Harry H. West 
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Current Texas A&M Process Safety Center LNG Projects 

 ,Ibr,r  
Based upon the donation of professor C M Slicpeevich (research director of Constock Metl~me 
and director oftha irutial LNG technology' developments in the 1950s), the l~rary is soliciting 
hard to find papers and reports docuncntinlz LNG research and development. 

LNG Release Seurce term definition 
DEGADIS is only vapor dispersion model currendy available which has been approved by 
DOT/NFFA, but does not have a source term. Problems which DEGADIS can not handle include: 

horizontal pressurized jet releases 
Long U'e~r.h pools, as required for analysis of trance= line leaks, process area leaks 
GRI SOURCE code was mentioned in 80s NFPA, but al~ndoned when many problems 
sin-faced. GTI's SOURCE5 code still does not have material balance and therefore can be 
used incorrectly. 

VerUlemion of onmmerdal LNQ fgm~qufuce medelln software 
DOT mentions DEGADIS end FEM3A (but FEM3A is not available yet). Also note that one can 
use other software "approved by adm/nimrator'. 
procedure~ to get OPS / DOE to approve other conunercisl models are being considaxed. 
ValJdafic~n againsZ both field test data and results of several specifically well defined sample 
scenarim (tanker spill, tank spill, process ere. spill; water vs. land cases, etc) 

Need to idcnlify specific maximum cu~:h'ble accident design spill ~ used most o11en in 
applications to regulatory agencies and for local comanunity out reach (consider Canada & 
European too) 

DJll~rl]ol Modtllno ndno l r l . , l , ~  (~omD~tlnlll Fll ~ Dvnmmim 
With the ~ use of CFD models for LNG vapor dispermon by DOE and others, MKOPSC 
proposes to extend the work done with FLUENT on pyrophode chemical releases to LNG / LPG 
releases. This is particularly relevant since DOE h u  announced their intm'nal CFD project also 
using FLUENT. 
MKOPSC has used F L ~  in a graduate thesis concerned with pyrophoric diane disperdcm. 

Large pool Fire 
Need data on large fwe c o l ~  to validate huge LNG pool fu'e model, also d ~  ff 
there is a size where air enU'ainment ratios beeome limited, hon~ causing smokey (less 
thenmi radiative) fn~  
Current models are based upon very mmll scale experimemal data 
Biggest LNG spill on water was 40m 3, but hazard analysts are exlrapolatin8 to 25,000m 3 

Effect of composition o~ LNG fire thermal radiation 

Suggest controlled cxpcrimen~ prior to large fin: ~'m 
Design a field of orifices with gas nozzles that we can spread apart, m~dng b/gger fire,, more 
controllable expemncnt, design of experiment is underway 
Later Ixnm'ble I..NG spill fire tests may be considered. 
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Vanor Dbnersios Mltlfaflon 
Evaluation of vapor fences, water curtains, fog nozzles and other vapor dispersion mitigation 
techniques. 

Use of infr~ed and LIDAR to activate Vapor Cloud / Fire protection systems 

Fb'e protecfl9l~ 
Survey of LNG fire fighting 

Peak shaving / haseluad production / import terminals / truck loading stations / satellite 
peaking stations / marine dock issues 
Training f~,cilifies / Brigade issues 

Review Effectiveness of Low, Medium and High Expansion Foam 
Under what conditions does it blow away? Does it help in larger areas or not? 
Get data for engineering fixed system design at fire school tests 

Research parallel to fire training to validate design parameters for engineering design of fixed dry 
chemical fire fighting 

Note that all the work on establishing LNG fire fighting application rate data for dry 
chemicals and high expansion foam in 70s and 80s and now with new chemicals and 
equipment, indnsa3, needs to update application rate data. 

Re, sea~h to determine protection effectiveness of fom~ed polystyrene insulation in flre situations, 
including the effect o f ~  radiation barriers 

Similar research on ablative coating fire protection systems, including survey of current long term 

Comosrlson amd review of I.,NG reLm~tlom 
Compare DOT with forthconfing NFPA 59A 
Expand this COmlmdann to include ~ code EN 1473, Canadian special conditions, 
Ammflian, Korean and Japenese practice. 

There are many non-OPS regulated peak shaving facilities in USA that are under the OSHA PSM 
and NFPA rule, (not IXYr 193), requiring comparisons end suggested mlutiotm to conflicts 

Updating cm'rent text for use in two ~neater connte for Qat~ campus 

Ost~r I,NG / LPG Fire Sekonl. 
Coupled with the s~bdcmic progrmn (no fire ~ o n  school in the middle east) " 

I ~ G  Water Vaoer Em~sJon or Rsnid Pknse Trsm~ormstloa 
Review cm'r~t research projects and thect'ies. Test Gaz deFnmcc computer modcl against 
controlled experiments 

Aerosol Formatioa. Predlct~m h a d  Lsborstorv Mansm'ements 
Continue cta~-nt research, extending to cryogenic fluids 
Larger scale tests c m p ~ g  electrostatic ignition conditinm and methods to reduce static 
char~ po~mtid or drop fo rm~m 

Continue defining alarm management techniques, particularly combining HAZOP and Alarm 
priority studies. Per API 14C concept, apply SAFECHART methodology to LNG unit operations 
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(refrigeration, vaporizer, marine transfer, etc). Then couple with Alarm priority, grouping 
suggestions 

Vehicle Fuel 
Update on status of LNG technology and safety issues in utilization as vehicle fuel 

Survey to update GRI's historical failure rate database (last data in 1980s). Unit operations fault 
tree models. 

BencltmarkJn2 LNG nractice 
Similar to the surveys conducted for PSM practice. 

~ Q ~  control concents for Submerved Coudmstlon Vanorizers 
Cooler bath means ammonia NOX conu'ol is not efficient Current designs of>40 ppm NOX arc 
not within regulatory guidelines. 

IRpUover ModelinE 
Due to Europetm mgulatiorm suggcs~g Rollove~ models to avoid excessive (100 x normal boil- 
oft') handling capability. SensilJvity / SIS dam on LNG linear temperature probes & 
densitometers. Mixing ef:ficic~)y models for cimular m~d rectangular tanks. Effec~veness of 
bottom mixing jets and ~opom{ vapor injection system~. 
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Baseload 

North Africa 
Sona~ach 
LNG-I 
LNG-2 
Camel 
Skik~ 

Indonesia 
Huffco-B~lak 
MobiloAnm 

Europe 
Zcebmgge 

USA 
Tmnklme 
Covepumt 
Savannah 

Abu Dbabi 
Dm hland 

Taiwan 
India; Dhabol 
Exxon SchuUe Creek 

Peak-shaving 

Philadelphia Gas Works 
terminal A 
terminal B 

Boston Gas 
Lowell Gas 

Baltimore Gas & Elcc~ic 

M/nnegasco 

Atlanta Gas Light 

Texas Eastern 

Iowa Public Service 

Union Carbide 

Owcns-C~ming 

Conoco Dulmi 

Pronou:d l~iects 

Nigem-  my Lynn 
Canada-Attic Pilot 
Trinidad-Corpm Christi ( A m o c o / T ~ L A )  

• USA-SoCalGas-3 
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The Department of Housinn and Urban Development ~IUD) rules on determlninn 
an "Accentable Scoaration Distance" ~ASD) betwem a fire consumine combustible 
Heuids or rises ~nd nearby structures u d  neonle 

(24 CFR Part 51, Subpart C (paragraph 51.203) Safety standards. 

The following standards shall be used in determining the acceptable separation distance 
of a proposed HUD-aasiated project from a hazard: 

(a) ThermalRadiation Safety Standard. Projects shall be located so that: 

(1) The allowable thermal radiation flux level at the building shall not exceed 10,000 
BTU/sq. ft. per hr.; 

(2) The allowable thermal radiation flux level for outdoor, unprotected facilities or areas 
of congregation shall not exceed 450 BTU/sq. ft. per hour. 

(b ) 8last Overpressure Safety Standard. Projects shall be located so that the maximum 
allowable blast overpressure at both buildings and outdoor, unprotected facilities or areas 
shall not exceed 0.5 psi. 

(c) I ra  hazardous substance constitutes both a thermal radiation and blast overpressure 
hazard, the ASD for each hazard shall be calculated, and the larger of the two ASDs shall 
be used to determine compliance with this subpart. 

(d) Background information on the standards and the logarithmic thermal radiation and 
blast overpressure charts that prov/de assistance in determining acceptable separation 
distances are contained in ~pcodix H to this subpart C. 

[49 FR 5103, Feb. 10, 1984, as amended at 61 FR 13334, Mar. 26, 1996] 

Appendix  I to Subpart  C of  Part Sl---Speclflc Hazardous Substances 

The following is a list of specific petroleum products and chemicals defined to be 
hazardous substances under §51~.01. 

HAZARDOUS LIQUIDS Acetic Acid Acetic Anhydride Acetone Acrylonilrile Amyl 
Acetate Amyl Alcohol Benzene Butyl Acetate Butyl Acrylate Butyl Alcohol Carbon 
Bisulfide Carbon Disulfide Cellosolve Cresols Crude Oil (Petroleum) Cumeme 
Cyclohexane No. 2 Diesel Fuel Ethyl Acetate Ethyl Acryla~ Ethyl Alcohol Ethyl 
Benzene Ethyl D/chloride Ethyl Ether Gasoline Hept~e H~xane Isobutyl Acetate 
Ianbutyl Alcohol Isopropyl Acetate Isopropyi Alcohol Jet Fuel and Km~ene Methyl 
Alcohol Methyl Amyl Alcohol Methyl Cello6olve Methyl Ethyl Ketone Naptha Pmtane 
Propylcae Oxide Tolucn© Vinyl Acetate Xylcnc 
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HAZARDOUS GASES Acetaldehyde Butadiene Butane Ethene Ethylene Ethylene Oxide 
Hydrogen ~iaue~dNatural Gas (LNG) Liquefied Petroleum Gas (LPG) Propane 
Propylene Vinyl Chloride 

Background Information Concerning the Standards 

(a) Thermal Radiation: 

(I) Introduction. Flammable products stored in above ground containers 
represent a definite, potential threat to human life and structures in the 
event of fire. The resulting fireball emits thermal radiation which is 
absorbed by the surroundings. Combustible structures, such as wooden 
houses, may be ignited by the thermal radiation being emitted. The 
radiation can cause severe burn, injuries and even death to exposed 
persons some distance away fiom the site of the fire. 

(2) Criteria for Acceptable Separation Distance (ASD). Wooden 
buildings, window drapes and trees generally ignite spontaneously when 
exposed for a relatively long period of time to thermal radiation levels of 
approximately 10,000 Btu/hr. sq. ft. It will take 15 to 20 minutes for a 
building to ignite at that degree of thermal intensity. Since the reasonable 
response time for fire fighting units in urbanized areas is approximately 
five to ten minutes, a ~Camdard of 10,000 BTU/hr. sq. ft. is considered an 
acceptable level of thermal radiation for buildings. 

People in outdoor areas exposed to a thermal radiation flux level of 
approximately 1,500 Btu/fl2 hr will ~ffer intolerable pain after 15 
seconds. Longer expomue caus~ blistering, permanent skin damage, and 
even death. Since it is assumed that children and the elderly could not take 
refuge behind walls or run away from the thermal effect of the fire within 
the 15 seconds before skin blistering occurs, unprotected (outdoor) areas, 
such as playgrounds, parks, yards, school grounds, etc., must be placed at 
such a distance ~ potential fire locations 8o that the radiation flux level 
is well below 1500 Bm/fl2 hr. An acceptable flux level, particuh~y for 
elderly people and children, is 450 Btu/fl2 hr. The skin can be exposed to 
this degree of thermal radiation for 3 minutes or lcmse~ with no serious 
detrimental effect. The result would be the same es a bad sunburn. 
Therefore, the standard for areas in which there will be exposed people, 
e.g. outdoor recreation areas inch as playgrounds and perks, is set at 450 
Bto/hr. sq. fc Axe, m covered also include open space ancillary to 
residential structures, such as yard areas and vehicle pe~kin 8 areas. 

O) Acceptable Separation Distance From a Potential Fire Hazard. This is 
the actual setback required for the safety of occupied buildings and their 
inhabitants, and people in open spaces (exposed areas) from a potential 
fire hazard. The specific distance required for safety from such a hazard 
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depends upon the nature and the vohnne of the substance. The Technical 
Guidebook entitled "Urban Development Siting With Respect to 
Hazardous/Comme~ial Industrial Facilities," which supplememts this 
regulation, contains the technical guidance required to compute 
Acceptable Separation Distances (ASD) for those flammable substances 
most often encountered. 

(b ) Blast Overpressure: 

The Acceptable Separation Distance (ASD) for people and structures fi'om 
materials prone to explosion is dependent upon the rc~ultan! blast 
measured in pounds per square inch (psi) overpressure. It has been 
determined by the military and con~borated by two independent studies 
conducted for the Department of Housing and Urban Development that 
0.5 psi is the acceptable level of blast ove~'essure for both bu/Idings and 
occupants, because a frame structure can normally withsUmd that level of 
external exertion with no serious structural damage, and it is unlikely that 
human beings/nside the building would normally suffer any serious 
injury. Using this as the safety standard for blast overpressure, 
nomograpl~ have been developed from which am ASD can be determined 
for a given quantify of hazardous substance. These homographs are 
contained in the handbook with detailed ~ o n s  on their use. 
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(Other ABS papers are included as Exhibit C to Haven's T~timony) 
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The Current Status of LNG Facility Standards and Regulations 

Myron L. Cosada 
ABS ConsulUng, Risk Consulting Division 
Donald C. Nordin 
ABS Consulting 

AIChE Spring Meeting, Apdl 2005 
5 ¢' Topical Conference on Natural Gas Utilization 
Atlanta Apd110-14, 2005 

Abstract 

With the large number of proposed liquefied natural gas (LNG) facil~es in the United 
States (and worldwide), many new technical personnel are becoming involved in applying and 
inteq)reting LNG standards and regulations. Also, opponents of the new LNG developments 
are questioning whether e)dsting safety and sec~ity requirements are adequate. In this paper, 
we will begin ~ an overview of existing standards and regulations pertinent to LNG tadlities 
(for both onshore and offshore applicatmns). That discussion will Include documents from the 
National Fire Protection Association, the European Committee for Standardization, the 
DepaYcnent of Transportation, and the United States Coast Guard. For offshore fecilities, it will 
discuss the guidelines from some of the International dessiflcetion societies. The paper will 
outline what is addressed (and what is not addressed) by these standards. The paper will then 
focus on and discuss the issues with those requirements and the changes that are curmntiy 
under consideration by the standards organizations and federal regulators. The paper finishes 
with some specific recommendations for consideration by LNG facility developers. 

Introduction 

A key contributor to the safety of LNG facilities is the tact that they have, over the last 
40 years, been built to some of the highest standards imposed in the pekochemical industry. 
These standards have matured and have been improved, even as they have been proven by 
the test of time. However, the industry has two major challenges facing it: 

Public opposition to traditional taclliUes, like onshore LNG import terminals 
Uncertainty about appropriate standards and regulations for nonVaditional fedliUes, 
like LNG fioating or fixed offshore import terminals 

For traditional facilities, indusVy personnel need to have detailed knowledge of the appropriate 
standards, not only to implement them properly, but also to decide where a specific design in a 
specific location might need to exceed minimum standards. Also, ffthe public is going to have 
confidence in our ability to design, conathJct, and operate LNG fecilities in its municipality, we 
need to be able to speak knowledgably about codes and standards when we interact with 
members of the public. 

For offshore LNG terminals, regardless of their design, there are no industry standards 
or regulations that are as prescriptive or specific as those applicable to onshore facilities. 
CurrentJy, the best sources of guidance for offshore terminal developers are the guidance 
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documents developed by the madne classification societies (e.g., the American Bureau of 
Shipping, Det Norske Veritas, and Lloyd's Register of Shipping). Even with those sources, 
offshore terminal developers face significant uncertainty as they prepare and submit 
applications to the regulators for approval. This regulatory uncertainty presents significant 
economic risk to the developers, even hough they tTy to make what they believe are the right 
decisions for the long-term safety of the facility. 

In this paper, we will examine each of the major standards and regulations pertinent to 
LNG facilities. The examination of each document will cover:. 

• Technical/design areas included 
• Management systems requirements (if any) 
• Risk-based features (if any) 
• Expected or proposed changes (if any) 

We will also make recommendaUons regarding steps that we believe fadlity operators should 
take that go beyond the requirements of current codes, standards, and regulations. 

Onshore  LNG Facilities 

The primary standards and regulations that apply to onshore LNG facilities in the United 
States are: 

• NFPA 5gA - Standard for the Production, Storage, and Handling of Liquefied 
Natural Gas 

• EN 1473 - Installation and Equipment for Liquefied Natural Gas - Design of Onshore 
Installations 
49 CFR Part 193 - Liquefied Natural Gas Facilities: Federal Safety Standards 

• 33 CFR Part 127 - Waterfront Facilities Handling Liquefied Natural Gas and 
Liquefied Hazardous Gas 

Each of these standards and regulations is discussed below. 

N F P A  59A - Standard for the Production, Storage, and Handling of Liquefied Natural 
Gas. The National Fire Protaclfon AssociaUon (NFPA) in the United States publishes NFPA 
59A. The current version was Issued in 2001, and an update is currently being prepared for 
release this year. 

Technlcid/dealgn m Included 
NFPA 59,6, Includes a wide variety of LNG facility considerations, including facility layout 
and spacing, process equipment requirements (e.g., for swage containers, vaporization 
facililJes, piping systems, instrumentation and electrical equipment, LNG tnansfar 
equipment, fire protection equipment). The standard indudes seismic design 
requirements for LNG facilities. 

The standard also incorporates, by reference, codes and standards developed by a 
number of other organizations (e.g., American Society of Mechanical Englneem, he  
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American Society of Civil Engineers, the American PeVoleum Institute, the American 
Concrete Institute, and the Amedcan Society for Tasting and Materials). 

Management systems requirementa 
NFPA 59A does not require any overall safety management system; however, there are 
requirements in the standard for safety, security, operations, maintenance, and training 
activitias. There are also requirements regarding the competence of designers and 
fabricators. These requirements should lead a developer to implement typical safety 
management systems like (1) written safety programs, (2) operating procedures review 
and approval systems, (3) inspection, test, and preventive maintenance programs, (4) 
formal bainlng programs, and (5) contractor evaluation and safety management. 

Rlsk-bued features 
NFPA 59A does not require risk assessment nor does it suggest that risk techniques be 
used to define characteristics of the facility. However, it does require that consequence 
analyses be used to judge the acceptability of the facility and equipment sing. For 
example, the standard specifies maximum radiant energy levels and flammable vapor 
concentrations for specific scenarios (e.g., design spills and impoundment fires). Also, 
in several cases, it indicatos that certain requirements of the standard can be altered if 
deemed acceptable to the "authority having judsdi~on." PmperatJon of any such 
submittals to the authority, using a dsk-based decision-making approach, could 
increase the likelihood that such a submittal might be approved. 

Expected or proposed changes 
NFPA standards must be updated or revalidated at least every 5 years. The NFPA 59/% 
committee has already met to prepare a new version to be released in 2005. No 
information regarding the nature of any propeead changes has been published yeL 

E N  1 4 7 3  - InmllaUon and Equipment for Liquefied Natural Gas. Design of Onshore 
Installa~ons. The European Norm standard EN 1473 was approved in 1997, based on an 
eadier British standard. Like NFPA 59A, it applies to onshore LNG facilities. However, it is a 
much more performance-based standard than NFPA 59A, allowing many of the design 
derisions to be made or justified based on the dsk analyses that are required by the standard. 

TechnlcaUdealg~ areas included 
The standard provides requlrements for all of the types of LNG-relatod equipment 
typically found in a liquefaction plant, export terminal, import terminal, and other LNG 
storage locations. These requirements are presented in the body of the text and in 
normative (i.e., mandatory) appendices (which are provided for LNG tanks, pumps, 
veportzem, and pipelines). A very useful "informative" (i.e., nonmandatory) Appendix H 
provides a description and illustrations of the vadous types of LNG storage tank designs 
(e.g., single, double, and full containment alternatives). 

Management systems requirements 
Unlike NFPA 59A, this standard expticHly requires implementation of a quality 
management system (QMS) and a safety management system (SkiS). The QMS0 
which is required to meet iSO 9001, must apply to the design, procuremenL 
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construction, and operation phases of Me facility. The SMS must address the 
information generated in bhe hazard assessment for the facility. 
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Risk-based features 
EN 1473 requires that a hazard assessment be performed to evaluate potential accident 
events. The standard allows either a probabilistic or a deterministic approach for the 
hazard assessment. In the probabilistic approach, events are evaluated based on their 
expected frequency and consequence. Events that do not meet established 
acceptance criteda (which are suggested by example frequency categories, 
consequence categories, and a dsk matrix provided In informative Appendices J, K, and 
L, respectively) require the development of risk mitigation measures. 

In a deterministic approach, the standard requires identification of'credible hazards," 
determination of the consequences of those hazards, and justification of the measures 
necessary to control the dsks of each hazard. 

Analysis techniques that are spec~celly referenced by EN 1473 for use in a hazard 
assessment include: 

• Hazard and operability (HAZOP) analysis 
• Failure modes and effects analysis 

Event tree methods 
• Fault tree methods 

The Center for Chemical Process Safety (Raf. 1) and the American Bureau of Shipping 
(Ref. 2) both provide documents that descdba these techniques in some detail. 

Regardless of what method is used to perform the hazard assessment, Section 4.6 of 
the standard also mandates that the design be subjected first to a preliminary process 
flow sheet review and then to a HAZOP analysis (when approved piping and 
instrumentaUon diagrams are available). The standard requires updates of the HAZOP 
analysis when major changes o¢cur and that a management of change process be 
implemented for lesser changes. 

E x p e ¢ ~  or proposed changes 
This standard has not been revised since 1997; however, because of its performance- 
based approach, it is not likely to require updating. The authors are not aware of any 
impending changes. 

49 CFR Part 193 -Liquefied Natural Gas Faciliffes: Federal Safety Standards. The Part 
193 mgulaUon is based in large part on NFPA 59A (the 1996 version) and as such has 
requirements that are very similar to that documenL It was issued and is maintained by the 
Office of Pipeline Safety (OPS) in the Research and Special Programs Administration (RSPA) 
in the Department of Transportation (DOT). The regulation is the responsibility of OPS 
because LNG facllIB)s in the United States are closely assodated with, and often operated by, 
intersta~e pipeline companieu that are already regulated by OPS. 

Technical/design areal  IncluckKI 
The regulation covers si~ng requirements, design, cortstruction, equipment, operations, 
maintenance, personnel qualifications and training, fire protec~on, and security. 
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Management systems requlremente 
Like NFPA 59A, the regulation does not explicitly require a safety management system; 
however, it requires control of activities that are typically controlled by a safety 
management system. In the United States, a ixoceas facility, like an LNG facility that 
handles large quantities of flammable liquids or gases, would typically be covered under 
the Occupational Safety and Health Administration (OSHA) process safety management 
(PSM) standard (29 CFR 1910.119) and the Environmental Protection Agency (EPA) 
dsk management program (RMP) rule (40 CFR 68). However. both of those regulations 
specifically exempt facilities that are regulated under the DOT regulations in 49 CFR 
Parts 193 and 195. The result of this coordination of regulatory approaches is 
discussed in the conclusions to this paper. 

Rlsk-beaed features 
Like NFPA 59A, this regulation defines basls events that require consequence 
analyses, but does not require more comprehensive risk-based analysis approaches. 

Expected or p ropoud  changes 
DOT has recently issued a rulemaking disestablishing the RSPA (Ref. 3). The new 
Pipeline and Hazardous Materials Safety Administration will manage regulations for 
hazardous matedais transportation. Various other functions of RSPA will be handled by 
the new Research and Innovaltve Technology Administration. The changes came into 
effect on February 20, 2005. 

One of the first things on the new organization's agenda will be the petition by the City 
of Fall River, Massachusetts, for DOT to revise its regulations to require the 
establishment of new "minimum safety standards" for the location of an LNG facility. 
Specifically, the patitlon requests that DOT add requirements, including: 

• A 2,500-foot distance from an LNG facility to population centers of 1,000 
people (or 250 people if the people are elderly or children) 

• One mile distance from areas of 5,000 population 
• A ban on dusure of bridges required for hospital access 
• A ban on facilities in locations where safety and security zone implementation 

is not practk:al 

At the time this paper was Ixepared there was not formal response from DOT on how it 
was going to address this person. The C ~  of Fall River also submitted a similar 
petition to the United States Coast Guard (Coast Guard). That petition is described 
later in this paper. 

33 CFR Part 127 - Waterfront Facilities Handling Liquefied Natural Gas and Liquefied 
Hazardous Gas. 33 CFR Part 127 is the Coast Guard regulation that govems wstarfTont 
import and export LNG facilities or other waterfront fe~ltfes handling LNG. Its Judscliction runs 
from the cartier or barge unloading antra to the last valve before the LNG tank. 

Technlcal/dulgn am=,= Included 
Part 127 Wovldes much of its design requirements by referencing NFPA 59A (in 
particular for siting and leyout, LNG storage containers, piping systems, instrumentaUon 
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and electrical, and LNG Vanafer equipment) Part 127 also includes other additional 
requirements for piping systems, hoses, piers and wharves, layout and spacing, 
electrical power systems, lighting systems, communications systems, warning systems, 
and sensing/alarm systems. Part 127 also includes a security section that only applies 
to waterfront LNG and liquefied hazardous gas facilities. (Since July 2004, waterfront 
LNG facilities must also meet the requirements of 33 CFR Subchapter H discussed 
below.) 

Management ayatema requirements 
Part 127 does not mandate a comprehensive safety management system; however, it 
specifies that the facility operator provide a number of procedures and documents 
similar to those that am common to most safety management systems, including: 

• Operations Manual 
• Emergency Manual 

Pre-tranafer Inspe~ons 
• Maintenance 
• Training 
• Fireflgh~ng and Emergency Response 

Also, there are requirements in other Coast Guard regulations that require add~onai 
safety management measures, like the requirement to report and investigate incidents 
resulting in release of LNG. 

Ri=k-baled faatums 
Part 127 does not include any specific risk-basad design or operational approaches; 
however, Part 127.017 allows an operator to provide a written request to have 
altematlve procedures, methods, or equipment standards considered by the Coast. 
Guard. An effective way to provide written support for such a request would be to use 
one of the analysis techniques defined in the Coast Guard's Guidelines forRisk-besed 
Decision Making. That document (which is available on the Coast Guard's Web site) 
describes procedures for use of tsohniques such as change analysis, relative ranldng, 
or what-if analysis for consideration of safety equivalency. 

ExpectKI or propoeed changes 
The City of Fall River also submitted a petition to the Coast Guard regarding suggested 
changes in Coast Guard rogutations related to LNG facilities. The petition suggests that 
the Coast Guard astel~lah thermal exck~on zones and vapor dispersion e ~  
zones for LNG vessels (moored or in transit) comparable to LNG facility zones. In the 
Federa/Reg/ster of November 3, 2004, the Coast Guard requested public comment on 
the need for such rulemaldng. Public input was due to the Coast Guard by February 1, 
2005. At the time this paper was wdtttm there was no feedback from the Coast Guard 
regarding how it was going to respond to the petition. It is not dear that the Coast 
Guard will find rulemaldng warranted. The Coast Guard has indicated (Ref. 4) that it is 
coneidedng the information avalleble from the ABS Consulting LNG consequence 
methodology study for the Federal Energy Regulatory Commission (Rats. 5 and 6) and 
the Sandia National Laboratory report (Ref. 7) on releases from LNG canters as it is 
looking for ways to improve and help ensure the safety of LNG Vansportation. 
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Oftihom LNG Facilities 

The ability and responsibility to regulate offshore terminals arises from the Deepwater 
Port Act of 1974 (DWPA) and is being jointly managed by the Coast Guard and the Maritime 
Administration (MARAD). Much of the information in this paper regarding regulation of 
offshore terminals came from recent testimony to Congress by Captain David Scott of the 
Coast Guard (Ref, 4). 

Deepwater Port Act 

The Coast Guard's authority to regulate deepwater ports (DWPs) is defined in the 
DWPA, and the regulations pertaining to the licensing, design, equipment, and operation of 
DWPs are provided in 33 CFR Parts 148, 149, and 150. Originally pertaining only to oil, the 
Mafltime Transportation Security Act of 2002 (MTSA) added natural gas to the DWPA and 
shifted responsibility for licensing DWPs for natural gas (including LNG) from the Minerals 
Management Service to the Secretary of Transportation. The Coast Guard and MARAD have 
been formally designated by DOT to process license applications submitted under the DWPA. 

Coast Guard Regulatlona 

There are no current regulations that provide LNG-speclflc design requirements for 
offshore LNG terminals. Because offshore LNG terminals represent new concepts, the Coast 
Guard is applying a "design basis" approach rather than mandating a serias of proscriptive 
requirements. Under a design basis approach, each concept is evaluated on its own technical 
rnertm, using relevant engineering standards and concepts that have bean approved by 
recognized vessel classification societiea and other competent indus~al and technical bodies. 
Many of the codes and standards listed above for land-based installations are being used by 
Deepwater Pod Applicants. When this is done, it is very important that the different risks and 
issues surrounding the offshore instillation be identified. The use of a st~'uctured risk-besed 
decision-making process will facilitate the idanffiication of these issues and risks. One aspect 
of the DWPA is the solicRation for comments by other agencies with an interest in the tadllty. 
It is here that many of the land-based codes and standards will be invoked, clue in part 
because of the familiarity that other agencies have with ttmm. Being able to identify the 
offshore or project-apedflc issues related to ltm installation may help streamline this 
process. 

Classification ~c ta ty  Rules 

The development of offshore LNG terminals Is an example of technical Innovalton by 
indusW. Associated with such innovation is the need to define design approaches that ensure 
that an acceptable leval of safety and environmental protection Is achieved. Classification 
societies have responded to the lack of exiting standards for offshore terminals by developing 
new rules. The American Bureau of Shipping (ABS), Det Norske Vedtes, and Lloyd's Register 
of Shipping have all developed preliminary rules, which are available to Industw and the 
government as they define an approval process for these terminals. This paper uses the ABS 
Guide for Building and Classing ~ r e  LNG Terminals (ABS Guide) as an example of what 
these new documents provide (Refs. 8 and 9). The other societies' rules differ in some ways, 
but for sake of brevity, only the ABS Guide will be described. 
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ABS Guide for Building and Classing Offshore LNG Terminals. ABS published the first 
version of this guide in 2003 and has prepared several updates based on indusW and 
government agency input. 

Technical/design areas Included 
ABS's Guide provides criteria that cover both steel and concrete gravity-based 
structures, as well as floating systems. It inciudes design requirements for: 

• Structures 
• Containment Systems 
• PosiUon Mooring Systems 

Process Facilities 
• Layout and Arrangements 
• Hazardous Area Classification 

Process Support and Service Systems 
• Electrical Systems and Installations 
• Instrumentation and Control Systems 
• Safety Systems 

The ABS Guide provides both requirements for specific design features and the 
analytical approaches (e.g., dynamic analyses, strength analyses) that will be used to 
evaluate the system designs. 

Management systems requirements 
The ABS Guide does not include specific requirements for management systems. 

Risk.based features 
The ABS Guide requires that a risk assessment be performed to (1) identify significant 
hazards and accident scenarios that may affect the ten'ninal and (2) consider the benefit 
of existing or potential risk control options. The objective of the risk assessment is to 
identT~ areas of the design that may requke the implementation of risk control 
measures to reduce identified dsk(s) to an acceptable level. To accomplish that 
objective, the risk assessment is required to be a systematic process that can Ident~y 
situations where a combination or sequence of events could lead to undesirable 
consequences, such as property damage, threats to personnel safety, and 
environmental damage. 

The risk a l z# ,enn~  must consider, as a minimum, the following events: 

• Damage to the pdmary structure due to extreme weather, impact/collision, 
dropped objects, helicopter collision, exposure to unsuitably cold temperatures, 
exposure to high radiant heat 

• Fire and explosion 
• Loss of primary liquid containment (for a duration to be determined based on an 

approved contingency plan) 
• LNG leakage 
• Release of flammable or toxic gas to the atmosphere or inside an enclosed 

space 
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• LNG containment roll over (i.e., thermodynamic instability due to LNG 
stratification) 
Loss of ability to offloed LNG or discharge gas ashore 

• Loss of any one critical component in the process system 
• Loss of any single component in the station keeping/mooring system (for floating 

systems) 
• Loss of electrical power 

The nsk control options (prevention and mitigation measures) deemed necessary by the 
nsk assessment are considered part of the design basis for the terminal. 

The ABS Guide recommends that early in the project a risk assessment plan be 
developed, documented, and submitted for review prior to conducting the risk 
assessment During review of the plan, an agreement will be reached on the extent of 
the classification society's participation and/or monitoring of project-related dsk studies. 
The society's participation in and/or monitodng of key tasks (e.g., hazard identification 
meetings) is considered necessary in order to establish a minimum level of confidence 
in the risk assessment results. 

Expected or proposed change= 
ABS has been active in soliciting indusVy and government comments on the ABS Guide 
and as offshore terminal designs are submitted for review, it is likely that the ABS Guide 
will continue to be revised. 

Conclusions 

From the review of the current LNG codes, standards, and regulations it is desr there 
are gaps in the documents we currently have available for designing and regulating LNG 
facll~es, both onshore and offshore, in the United States. We believe these gaps exist in the 
following areas: 

• Lack of requirements for broad safety management systems 
• Limited application of dsk-bessd tools and risk assessment 
• Significant uncertainty regarding the regulatory approval process for offshore terminals 

We would like to offer recommenda~ons for consideration by organizations developing new 
LNG facilities that address each of these gaps. 

Recommendation 1: Consider voluntary implementation of broad safety 
management safety systems. 

EN 1473 eR~lcltiy requires the impleme~fation of an SMS. However, the U.S. DOT 
regulations and NFPA 59A do not have similar requirementa. Also, because of the exemption 
for facilities regulated under 4~ CFR Part 193, the OSHA PSM and EPA RMP regulates do 
not apply to U.S. LNG facilities. However, we believe that effective implementation of such 
systems (or similar SMSs) can contdbuta to long-term safety of LNG facll~es and should be 
considered by terminal developers, even though it is not required. 
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Recommendation 2: Consider using risk assessment methodologies for LNG 
facilities as a tool to help evaluate facility design, operations, 
end maintenance. 

This is also a requimrnent of EN 1473 end is included In the ABS Guide as an important 
design process step. In addition, it is recommended by the Society for International Gas 
Tanker and Terminal Opomtors (SIGTTO) in its document LNG Operations in Port Areas- 
Recommendations for the Management of Operational Risk Attaching to Uquefled Gas Tanker 
and Terminal Operations in Port Araas (Ref. 10). 

Recommendation 3: Consider working closely with the Coast Guard end MARAD as 
they continue to define the technical requirements for and the 
process under which additional offshore terminals will be 
approved. 

At the time this paper was written, two offshore LNG terminals have been approved. However, 
because the technology is changing rapidly, additional terminal designs are likely to present 
different problem in the licensing process. Whether the process uses the classification society 
guidance documents or depends solely on a Coast Guard "design basis approach," input by all 
stakeholders is going to be an important part of moving the regulato~ development and 
approval process along. 
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Exhibit 

aePEN /X 
Recenf Conffovers T Over Vapor Dispersiq. E.W~Io. Zone Estimate t 

The estimation of  LNG vapor cloud exclusion distances in the USA LNG DOT193 regulations 
(49CFR193) requires modeling the hazard scenarios of LNG flowing into spill containment 
sumps and storage tank diked areas. Exclusion distances are demanded to meet the public safety 
intent o f  Congress. 

In several recent FERC published DEIS documents, the exclusion zone calculations resulting 
from a spill into a vaporization area and transfer area may have been substamially 
underestimated due to FERCs misunderstanding of DOT 193 rules. 

The pie 2000 DOT193 rules, in no uncertain terms, specified that the exclusion zone estimates 
for all LNG spill secondary containment areas be based upon Faporization results.from the spill 
caused by an assumed rupture of  a single transfer pipe (or mldtiple ~ designed to deliver the same 
flow) which has the greatest ov~all flow capacity, discharging at the maximum potential capacity 

The exact same spill concept is used to define the spill containment volume. 

The 1998 NPRM which proposed to harmonize the DOT193 and NFPA59A language did not 
propme reducing the exclusion zone calculation requirement for the vaporization and transfer 
area spill containment to the NFPA59A "accidental leakage source" There was no mention of  
this deletion in the NPRM. Unfortunately, there was an inadvertent language error in the final 
DOT193 Amendment announcement in the March 2000 Federal Register., which lead to 
ambiguity in this specific area. 

But the DOT made it absolutely clear in their NPRM ~nouncement and the DOT193 
Amendment announcement that they did intend to maintain the current  level of safety. 

In fact, FERC does point out in their DEIS documents that some confusion on the design spill for 
vaporizer area exists, but due to their lack of  co-ordinsfion with DOT Office of Pipeline Safety 
technical staf~ they appe~x to have misrepresented DOT intention. Furthermore, Some FERC 
DEIS documents do not provide Iransfer area exclusion zone e~L, vates as required by DOT code. 

For the vaporization axea spill containment, FERC has rated the older NFPA59A concept of  an 
accidental spill from an "accidental leakage source". This has been defined by FERC to be an 
LNG spill from the rupture of  a 1" to a 3" connection. The DOT193 intent would demand the 
LNG spill rate from the largest pipe at full capacity. This spill rate would be the same as the 10 
minute spill used to size the containment volume. 

DOT has noted some other ambiguities in the March 2000 Amendment, as evidenced by the 
corrections to the 193.2005 section recently published on 10 March 2004 in the Federal Register. 

Pertinent details o f  the pre 2000 DOT 193, the December 1998 NTRM and the March 2000 
Amendment are contained herein. 
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Exhibit _ _  

The pre-2000 DOT 193 code specifically state& 

"§Sec. 193.2059 Flammable vapor-gas dispersion protection. 
(c) Computing dispersion distance. A minimum dispersion distance must be computed for the 

impounding system. 
(d) Vaporization design rate. In computing d~persion distance under paragraph (c) of this 

section, the following applies: 
(1) Vaporization results from the spill caused by an assumed rupture of  a single 

transfer pipe (or multiple p ~ s  that lack provisions to prevent parallel flow) which has 
the greatest owrail flow capacity, discharging at maximum potential capacity, ...." 

0 The rate of  vaporization is not less than the sum offlash vaporization and 
vaporization from boiling by heat transfer from contact surfaces during the time 
nocessary for spill detection, instrument response, and automatic shutdown by 
the emergency shutdown system but, not less than 10 minutes, plus, in the case of  
impounding systems for LNG storage tanks with side or bottom penetrations, the 
time necessary for the liquid level in the tank to reach the level of the panarotion 
or equilibrate with the liquid Impounded assuming failure of the internal shutoff 
valve. 

(ii) In determining variations in vaporization rate due to swface contact, the ffme 
necessary to wet 100 percent of  the impounding floor area shall be determined by 
equation C-9 in the report "'Evaluation of  I3VG Vapor Control Methods," 1974, or an 
alternate model which meets the requirements of poragraphs (ii) through (iv) in Se~ 
193.2057(c)(2). 

(iti) After spill flow is terminate~ the rate of  vaporization is vaporization of the 
remaining spillage° i f  an2, from boiling by heat transfer from contact surfa~s that are 
reducing in area and temperature as a function of  tim~ 

Or) Vapor detention space is all space prowded for Ilqm'd impoundment and vapor 
detention outside the component served, less the volume occupied by the spilled liquid at 
the time the vapor escapes the vapor detention space. 

(2) The boiling rate of  LNG on which dispersion distance is based is determined using 
the weighted average value of  the thermal properties of  the contact surfa~s in the 
lmpolmdlng space determined from eight representaffve ~ tests on the 
materials involved, l f  surfaces are insulat~ the insulation must be designed~ installed, 
and maintained so that tt will retain its performance ckaracteristics under spill 
conditions. 

(e) Planned vapor control. An LNG facOlly need not have a d~persion exclusion zone 
i f  the Adndnistrotor finds that compliance with paragraph (a) of  this section would be 
impractical and the operator prepares and follows a plan for controlling LNG vapor that 
is found acceptable by the Administrator. The ~ must ~ lude  ~ t a n ~  umler 
which LNG vapor is controlled to preclude the dispe~lon of  a flammable mixture from 
the LNO faciltty under all predictable environmental conditions that could adversely 
affect control The rel~ibil~ of  the method of  control must be domonUrated by testing or 

with IJVG spUI$. 

The 22 December 1998 NPRM contained the exact same paragraph §(dX1) lmguage, but 
proposed to eliminate the complex insulation of contact surface conditions. 
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"§Sec. 193.2059 Flammable vapor-gas dispeninn protection. 
Q t ~ 

( C ) *  * ~  

(2) Dispersion conditions are a combination of those which result in longer predicted 
downwind dispersion distances than other weather cond~ions to the site at least 90 pereent of  the 
time, based on U.S. Government weather dato~ or as an alternative where the model used gives 
longer distances at lower wind spceds, Atmospheric Stability (Pasquill Class) F, wind speed = 
4.5 miles per hour (2.01 meters/$ec) at rofer~ce height of 10 meters, relative humidity equals 
50.O percent, and atmospheric temperature = 80 deg. F(27 deg. C). 

(3) The elevation for contour (receptor) output H = O.J meters. 
(4) A surface raughness factor of O.03 meters shall he used. higher mlues for the roughness 

factor may be used i f  It can he shown that the terrain both upwind and downwind of  the vapor 
cloud has dense vegetation and that the vapor cloud height is more than ten times the height of 
the obstacles encountered by the vapor cloud. 

(1) Yaporisation r~mlts from the spill caused by an assumed rupture of  a single 
transfer pipe (or multlple pipas designed to deliver the same flow) which has the greatest 
overall flow capectty, discharging at the maximum potential capacity, in accordance with 
the following conditions: 

(i) The rate of vaporization is not less than the sum of flash vaporization and 
vaparization fram boiling by heat tranffer from contact s u r f ~  during the time 
necessary for spill detect~, Instrument response, and automatic shutdown by 
the emergency shutdown system but, not less than 10 minutes plus, in case of 
impounding systems for LNG storage tanks with side or bottom penetration, the 
time necetuoy for the liquid level in the tank to reach a level of  penetration or 
equilibrate with the liquid lmpoundea[ In the ease of  storagn tanks with an 
internal shutoff valve, the time necessary far spill detection and response of not 
less than one (l) hour nutct be used. 

(2) I f  surfoces are insulated, the insulation must be designed, instaUe~ and main~ned 
so that it will retain its performance characteristics under spill conditions. 

Unfortunately, a t ~  the code harmoniz~ project of 1999/2000, the same section of the 193 DOT code 
was changed to rce~ 

§193.2059 Flammable vapor-gas dispersion protection. 
... (c) The design spill shall be determined in accordance with section 2-2. 3. 3 of 
ANSIINFPA 59A. [Amdt. 193-17, 65 FR 10959, Mar. I, 2000] 

Paragraph (d) was completely dropped. This is an obvious oversight error, 
since only a subparagraph was Intended to be deleted per the NPRM. 

The NFPA59A (2001) equivalent section 2-2.3.3 referenced above specifically stated : 

§2.2.3.3 The spsc/ns of an LNG tmlk mqx~mdm¢ot ~o the property line that cJm be built ~ ~ 1  ~ ~ ~ m ~ ~ of 
an LNG spill specified in 2.2.3.5. In avcsaSe coocemrafion of methane in th" of$0 pe~ent of the lower flammability Iblndt (LFL) 
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does not extend hayo~l the pmpe~ line that can be built upon, in accordance with calculati~s using one ofth~ folinwinll: 
..(a) ... DEGADIS.. 
..Co)... FF.M~A.. 
..(c) A model that incoq')orates the followirql: 

(I) TM~es into account physic~d factors in..quencinll LNG vapo~ dispanno~, including, but not limited to, gravity 
spm~ing, he~ u'mu/'e~, humidity, wind speed and direction, atmosphcr/c s~tbility, beoyancy, and surface roughness 
(2) Has been validuted by expa'imantal te~ duta a p ~  f~ the sine and co~litlons of the hazard to be eval~ 
(3) Is acceptable to the unthonty having jm'isdiction 

The nomp~tnd ~ r . ~  shMI include calculsfions based on one oflhe following. 
( I)  The combma~on of wind speed md mm'z:~d~ic stability that can c~¢m" mmulxm~mly and resulZ in the Ionlp~ 
prcdicmblc downwind dispemon d ~  that is e x c a z ~  I~m fl~m 10 Ix:~ent of the time 
(2) "I~ Pa~luilI-Giffocd mmusphcnc stability, ~ o r y  P, with • 4.5-mph (2-m'E¢) wind speed 

The computed distm¢4~ s]udl be hosed on d~ sctmd liquid c ~ ¢ *  and the rmtximum vopor outflow nm~ flora the vzpor 
co~minmem volume (the vapo~ ganmmion rate plus the disph~'rnont due to liquid inflow). 
The ~ of provil~om~ for d~qlinmg vnpor or o0m'w~ mitilp~ing flanmmble vapor hmz~ds (e.g., impounding m ' f~e  
immintion, wster cumdrm, or other method|) sJudl be permitted to be cons~lernd in the cMcuintion where tccep'mble m the 
authority having jurisdictiun. 

2/.3.5 The ~ spill shall be determined in ~ with Table 2.2.3.5 D ~ g n  Spill 
An e . x ~  ~ d m  table 

For "impounding areas m~m$ only v~pori:min~, process and LNG m m s ~  area*", fl~ deslSn spill is "the flow from 
any ~dnjile accidental lesha~ imorce". 

As u intere~ing sidelight, the NFPA luguage  above, contains the word "ONLY". Hence 
sub Impounding areas within storage tank dlEes may not actually be covered by thb 
language. Unfortunately, there is not language uywhere  in either code that spedficaily 
covers the subdike issue. 

Exce~rpta Worn tJue Amandmmm te 1DOT 193 
publbdted im time Federal R e l g l ~  AmoS. 193-1"/, f~ FR 10959, Mar. 1, 21100 

... The incmlmrtfion by refereone of this mmndmi wiU Mlow the LNO iudmmy to use the late~ ~ 1 ~ ,  ~ ~ 
while mmmta~ni,a ~he eurnmt level of nfetv. 

Tha tam'era Federal safe~ scandmds for LNO facilities ~ develop~l m a ~lum:meat of the Pipelino Safety A~ ~ I ~ ,  ~ 
re-mdifled m 49 Urn'ted States Code Sealon 60103. In 1979, ~ detemdned thin the public w~dd be hetu~r served If the 
US Depm'lm~t Of TrmMq~'Ummmz (DO'T) d~wt4oqp~ im ov~ mmMmds 1~ the LNG indm~ry. Prior m July I, 1976, no Fudmd 
sumdm~ for LNO l~ilf l ia  ~ i m ~ .  "!~ ¢m~nt mmckcd, whi~ ~ d ~ m u  LNG fzcflix~ uzud m ipm pilzdme ~ a n ,  
wm burned as aPhud Rule on Pebrumy II ,  1980 [45 FR9203] andnow appmn 8t 49 CFRPm 193. Baweea July I, 1976, and 
Februm~ 11. 1980, I.NG fltciliti~t v a n  ~lUiTud to comply with ANSI/NI~A $9A (1972 udition) ~d  Part 192. 

A report imuud ~ July 31, 1978, by the General Accotmting Offke tMud "Liqueflud En~ly Cruses'* hishlil~ted sm'no ~ ~ 
safety ~*~erns in the mmspeam~n and *a3ralle of ~ .  Pmummt amm8 throe '~eee: 

( 1 ) pmteefleo of pemms m~l property an~ an L,NO 1~-qllty fl~m thernml rudialion ~.used by igni'fim of a ~ ~ l l  
of LNG. 
(2) pmtectlan of pemons md pmpesty near an LNG facillty from dispcrsion md de¼yed illmt/an ~ a ~ ~ ~ 
m'isin8 from • major iplll of ]-JqG, and 
(3) mducOon of ~e  l~m~M for o cam'aolg~ .pro of LNG. 

R,.~A identified mmy ¢kficiencies in lhe pre-1980 LNG s~nda~Is whlch needed to be ~ to ~ ~ ~ ~ a 
major spill of I..NO and provide tu aaxpetbie level of mfety. Became o f~e  d i E a ~ , c  m fornw and the need for ret, ulmory 
Im, qltmge m facilitate enfo~m:ment, a few sections of ANSI/NFPA $9A were rewrittan fm their ado~ m P~ 193. 
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Th¢~ have been sisnific4m¢ d~mges m the ANSI/NFPA 59A since 1980. The 1996 ed~fioa of the ANSI/NI~A 59A includes the 
inte~ develol~nents in LNG facility de~sn and safety. Many of thase developments have no~ been incorporated into current Part 
193. The fomatt and lansuase of the ANSI/NFPA 59A has also clumsed sis~iflcantly, over the years, 1o facilitate anfov¢¢rne~t. 
ANSI/NFPA 59A m revited on • regular b~rb and the ~'v~iort pmce~ includes input from a wide variety o f e ~  and • bm~d 
relxe~ntttion of mteresat. 

RSPA has been very active m mmq~omtin8 by refa~mce volummy ¢onmnsus mndaxde in ~ pipeline ufety regulations. RSPA 
has particil~ted for many yzms on several volummy committees that devcinp consensus mndards, incladinl| the ANSI/NFPA 
59A tor, hni~,l committee. The ~isting Part 193 refenmces IXOViSin~s of ANSI/NFPA 59A in eight difFer~t Iocatimat Recent 
~ t s  to the LNG reguintio~s (February 25, 1997; 62 FR 8402 and AuBurn I, ! 997; 62 FR 41311 ) have Ixousht Pa~ 193 

to ANSI/NFPA 59A. Unlike older editions oftha ANSI/NFPA 59A. text in the current ~ m in a reSu~my fom~ 
that make~ it more I~itable for in¢oq3oration by Rfex~c¢. RSPA is adopting the 1996 verskm of the ANSI/NFPA 59A. Whe, 
the s~andmd i$ revised in tha furore, RSPA will inc.orporate by reference the revised versmmh as tppmlXiat¢. 

RSPA pebliahed an NPRM [63 FR 70737; December 22, 1998]. ~ g  to replgg most LNG t~equiremmts for dtinib deaQIn, 
coml~ctine, equipmanh and fire ixotecsio~ in Part 193 by ~eferen¢ing the Amefkan National Standards ln~tute (ANSI). 
]q•tional Fire Prote~an Asm~Rion (NFPA) Standmd 59A (I 996 editim), tired *'Standards for the Produ~o~, Stomse and 
Handling of Liquefied Nmmal Gas (LNG)" 

Section 193.2059 - Flammable ve~r-ps disp~sion pma:ction 

In tha NPRM we proposed to: 
( I ) retsin minimta'n 10 minme sldll dara~o~ for ~ dedsn rote; 
(2) delete planned vtpor cemml; 
(3) ret•~ 2.5% lower flammable canc~trafion liner at the ot~ta b ~  of flammable vapor, and 
(4) Md one hour time dur~ioo necemm3, for spili detection and ~ fer tsnlm with m~ intm'nal ~ u m f f ~ .  

AGA, NEGA, NFPA, two operaton md the Iowa Utility Board each oHered conen~ts alpdm ~ or ~ of ~ 
requiremems. AGA, NEGA and one ope~tor commuted that NFPA st~mdmd 59A do~ not set a 10 minute spi|l ~ I ~  m 
that opereto~ can take adventege of tedmology by using ~ t m ~  that can provide respoa~ ~ m ~ ~ 10 nurturer 

NEGA todd that by ~ $  plmmed vepor conl~oi to mitiga~ the e m e ~  vapor from a demgn I..NG spill inc~e~  ~ ~ 
the operator and dmie~ the operat~ .dtemmlve cr~Ik. 

The lowa Utility Boaxd s ~  the i ~  to ~etain the 2.5% lower limit for 8as ¢o~¢emradm. NFPA said that tha $% Iow~ 
flmmubiliO/lindt is luf~'kmt because the model takes concantrstioe venatims into a~otmt, and our reqtmemem is too 

One opemor mid thege it no rafianale for a one haur nagmt~e t~ane for spill dete~on for a ~ ~ ~ ~ ~utoff ~ 

Ruse 
(I) We aStee wt~ the commmtem that with tha cuncnt t~Jmolo~ md coatml system ~ ~ ~ m ~ 
in less tlum 10 minutes. We have revised thin r e ~  to agree with the ANSI/NI~A 59A stmdm~ 0m 10 nmmte 
zpAI time can ~ reduced If tha opernx can demonstrate by ~ t  su~eiUance and ~ ahmdown eyssem 
tMt Ires thin 10 minutes is needed to rmpead to sptllt 

(2) We have ddeted, is we pmpmed in the NPRM, the idann~ velXX control requimmem fi~m the regulaliom. Wedo 
' no~ bdinve, any flcifty would opt for thto elteraafiw. In rids laud ride plmmed velxa" ¢aetml ~ t  will ~'11 be 
alk~wed as an altm~dve throush a w~ver. 

O) We have retoined tha raluinunzm for 2.q% inwer nmnmable limit (LPL) co~cena'attoe at the ottm" ~ M 
~.anurmble vepo¢ to ixov~e a nmsomb~¢ nwgin of mf~y. Tha DEGADIS model Ixedk~ rely avoralle ¢eecemndioe 
of LNQ. Because vtpo¢ d e a m t  dtspene mufonnly, pockets of .~ % LlrL ¢oe¢~tralton could ha a~a~m to t~e 
aver~c dtmnce fine pmcin:U~ by tha mo~. In m~r w~ts. ~e model cm undm" p r u ~  the ~md concenem~ of 
LNG. ~ n t a y m e m l x i o m S o i n t h a f o n n u l t ,  thedimmc~laCdicudmemtMw~acct~ UninSa2:! 
u f f e t y n ~ w a s  SalBe~edbytha~ewhodev~thismedel. On Augtm 19, 1999, theNPPA $9A ~mmtttee 
distained thia hume tn iFeat dets.il and voted to reviJe ANSI/N~A 59A ~mdmd to require * 2,5% LFL in l i ~  of 5% 
LFL Thamfore. ~ve lee no need to revise the cummt ¢mzentrat~ level in the re~atiom, in th/a final m ~  ~ ~ 
tnowmg uae of the FEM3A veCor ~ model as Im Mtenutte to DEGADIS. The FEM3A model a~oun~ fo¢ 
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additional cloud dilution which may be caused by tbe complex flow patterns induced by tank and dike tm~ctures. Digxmtk~ 
di~snc~ ate calculated in a¢co~isnce with this mode] de~-ibed in Gas ~ Inltilule report GRI-96/0396.5, "Evaluationt 
of M~gahon Methods for Acc/dentll LNG Relel~l~. Volmne $: Using FEM3A for LNG Accident ConicqtJe~ce Analyr~." 

(4) ANSI/NFPA 59A standard allo requires a o ~  hour durllion for spills from tlnkl fitted with inten~l shutoff valves. We have 
refeeenced ANSI/NFPA $9A for determining design ~ill~, 

requiremem on deten~ining Vtpo¢ization design rate under 193.2059(d) hm been deleted in this role to allow ~ more 
flexibility in computing. 

Hence, 
9. Sec~o~ 193.2059 is amended to read u follows: 

§ 193.2059 Flmmmble vapor-g~ digm'si~l l~tection. 
Each LNG ccmlainer and LNG Ixant'fer ~ must have • d/spenion ~¢ltmon ~ in accordance w/th section 2-2.3.2 of AN$1/NFPA 
S9A wi~ the following exccl~om: 
(it) Flammable vlpor-~l dilt~nl~on d i ~  must be dlestern~ed in Iccordance with the model described in the Gas R e u l d l  lmtitute 
report 0RI-89/0242, "LNG Vg0of Dig)enion Prediction with the DEGADIS Deme Gas Dispersion Mode/." A fief natively, in order to 
account for a d d ~  cloud dilutmn which may be caused by the complex flow patterns induced by tank and &'ke ~ u c t u ~  d isp~im 
distances nmy be tudculated m accocdmlce with the mode/described ht the Gas Re.arch Inilit~e report GRI 96/(}396~, "Ev~tm~on of 
Mitigation Methods for Accidental LNG Releue~ Volume 5: Using FEM3A for LNG Accident ~ u e n ~ e  ~ .  The tree of 
idlemate m O ~ l  which like il)lo If~o4~It the lame l ~ l y ~  flctorl and have ~ vllid81ed by expcftmeotsl tell ~ I I ~ |  be I~J t t ed ,  
~ubject to the Admmignmx's gSsmvaL 
(b) The following dispcntm imlanetenl mu~ be uled in ~ dilpenfion dilumc~: 
(l) AveraSe ~ ~ c e n m ~ o n  m air - 2.5 pen:ent. 
(2) Dispm/on conditions ate a combimmon o f ~  which rmult m Imge. pcedicusd downwind d ig~ntm dimmcet th,m o~er weather 
co~ditioog 8t the ide m lem~ 90 lx~ent of the time, bued m figures mamlained by Nafiomd W ~  ~ of ~e  U.S. ~ t  of 
C o ~  ~r m an Idtm~lfiw where the model ruled giv~l longer dlmulz~; It  lower" wind ~ A~o~:)befic stability (Pmqulll C]Im) 
F, wind Ipeed - 4.5 milea I~X hem" (2.0 | metmi/lec) 8t r e f~m~ he is t  of | 0 me~% rellfive humidity - $0.0 ix~ent, ind ~ 
tmpemm~- Mn~e tn ~ m0on. 
(3) The devulion for conteur (n:eelXOr) output H = 0.5 mmer~ 
(4) A an'face roughne~ ~:tor of 0.03 metenJ shtll be umd. Highe~ value, foe the ~ fac*o~ n'~y be treed if  it cm be ilmwn that the 
tenain bo~ upwind ~ 1  downwind of the vspof cloud hm deme vegela~n and that the vspor cloud h e i ~  k ~ ~ ~ ~ ~ 
height of the obst~lel encountered by the vlpor cloud. 
(LD The de*ign tpill dutll be 0etennined in aux)~dance with ~eaton 2-2-3.3 of ANSl/NFPA 59A. 

To illustrate the DOT attempt to ovmr.ome recognized ambiguities resulting from the Harmonizing code 
effort. 

I ~ ¢ e r l ~  from the Fedm'al ~ Mar¢~ 10, 2004 (v~unw 69, Number 47) II~le  113341-113371 

S~kgrm~ 
On IVlm~h I. 2000,we publilJ~ed a final ride dnctm~at 8meadmg tbe rarely ~ulaliem in 49 CFI~.I3~t 193,whlch gg~lytol..HO 

fa~liliel uled Ja flu pilx~ae mmll~rlWJee (65 I:R 10950). 13aI decumeel ml3h,u:d ~ ~ 193 ~ ~ ~ ~ 
and fi~e l~Oteetion ~lUiremen wi~ mfere,~es to a cemeesus lmdard, NI~A $9A, "'StaM~l for the ~ Stoml~ ~ ~ 
of IAquefied Natural Gm (LNG)" ( 1996 ed/I/on). Until then, ]~t 193 referenced NFPA $9A ( 1996 edit/on) in only a few inmances 
coocemi~ ~.L dmts~ and ~re pnXec~e. 

An 8mmdment to Sec. 193.2005, "'Apl~imbflity," inadvefle~y implied that 12gO fteilitlm extJling oa Msrch 31, 2000 ~ ,  
"e~dl~n8 LJqG f~l~es'~,  wu'e ~emPt fi'o~ pm 193 o1~1~o, n~ttaleemce, md I~e getectiM ilandldg. Afl~ reeognimnj this 
smbigu/ty, we [mblighed a notk¢ of IXOlm~d rulemstdag (NPRM)to r e v ~  Sec. 193.2005 (68 FR 23272; May 1, 2003). In the ~ we 
81m pm~x~ed to mvige i n a n e :  omat.cefmm~s thin regulted fi~m the Msr~ I, 2000, feral role to ~ 1 ~  ~ m  ~ f~  ~ 
d~lli trod in fire protection train/n& and to require that ope¢stmu tm, k,w their i J n  193 plato md im)eedmm ~ ~ ~ s ~ .  We 
furthe~ ~ to t~lste Ill p~t 193 referme~ to NFPA $9A to the 2001 edition of that gmdan£ 

Dr. Zinn (born and raised in Hope Arkmmas like another famous Americsn!) graduaIcd with a PhD in 
Industrial Engineering fi'om the University o f  Oklahoma. The~oaftcr, Dr. Zinn was a faculty member m 
the University o f  Texas. He is a registered Professional Engineer in Texas. 
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Dr. Zinn began his engineering career with providing process hazards analysis, risk assessments, safety 
systems design reviews, and site safety audits for liquefied natural gas (LING) and liquefied petroleum 
gas (LPG) facilities with Energy Analysts (later renamed Quest) and then with Jones & Neusc of Aus6n 
Texas (later renamed RMT) 

During the past thirty years, he has provided process safety engineering services for peaks having & 
b~eloaa production facilities, receiving terminals, storage, and transportation systems, both 
domestically and internationally. Dr Zinn has taught LNG / LPG process safety courses worldwide. 


